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Effects of Diptheria-Tetanus-Pertussis or Tetanus Vaccination on 
Allergies and Allergy-Related Respiratory Symptoms Among Children and 
Adolescents in the US 

Background: Findings from animal and human studies confirm that 
diptheria and tetanus toxoids and pertussis (DTP) and tetanus 
vaccinations induce allergic responses; associations between childhood 
vaccinations and subsequent allergies have been reported recently. 

Objective: The association of DTP or tetanus vaccination with allergies 
and allergy related respiratory symptoms among children and adolescents 
in the US was assessed. 

Methods: Data were used from the Third National Health and Nutrition 
Examination Survey on infants aged 2 months through adolescents aged 16 
years. DTP or tetanus vaccination, Ufetime allergy history, and 
allergy symptoms in the past 12 months were based on parental or 
guardian recall. Logistic regression modeling was performed to estimate 
the effects of DTP or tetanus vaccination on each allergy. 

Results: The odds of having a history of asthma was twice as great 
among vaccinated subjects than among unvaccinated subjects (adjusted 
odds ratio, 2.00; 95% confidence interval, 0.59 to 6.74). The odds of 
having had any allergy-related respiratory symptom in the past 12 months 
was 63% greater among vaccinated subjects than unvaccinated 
subjects (adjusted odds ratio, 1.63; 95% confidence interval, 1.05 to 
2.54). The associations between vaccination and subsequent allergies 
and symptoms were greatest among children aged 5 through 10 years. 

Conclusions: DTP or tetanus vaccination appears to increase the risk of 
allergies and related respiratory symptoms in children and adolescents. 
Although it is unlikely that these results are entirely because of any 
sources of bias, the small number of unvaccinated subjects and the study 
design limit our ability to make firm causal inferences about the true 
magnitude of effect. 

Hurwitz EL, Morgenstem H. Journal of Manipulative and Physiological 
Therapeutics. February 2000; Vol. 23, No. 2, pp. 81-90. 


Do DTP and Tetanus Vaccinations Cause Asthma? New Study Shows Vaccinated 
Children Twice as Likely to Get Asthma and Other Allergy-Related 
Symptoms 

A new study in the Journal of Manipulative and Physiological 
Therapeutics (authors are Eric Hurwitz, DC, PhD and Hal Morgenstem, 
PhD, both of UCLA School of Public Health, Department of Epidemiology) 
supports the findings of three previous studies that children who 
receive diptheria-tetanus-pertussis (DPT) or tetanus vaccines are more 
likely to have a "history of asthma" or other "allergy-related 
respiratory symptoms." 

Dynamic Chiropractic, March 20,2000 Vol. 18, No. 7 
http://www.chiroweb.com/archives/ 1 8/07/05.html 
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"'Smair* allergy risk from pertussis vaccine 

NEW YORX, Aug 13 (Reuters) -- Pertussis ("whooping cough") vaccines may cause only a 
slight increase in the risk of allergic conditions in children, according to a study, in contrast to a 
previous report that suggested a large increase might occur after immunization. 
Because whooping cough is a serious disease that can cause complications in infants, ''there 
seems to be little reason to withhold pertussis vaccination from infants, irrespective of family 
history of allergy," reported Dr. Lennart Nilsson and colleagues in the Archives of Pediatrics and 
Adolescent Medicine. 

In a study of 669 Swedish children, some were giyen acellular pertussis vaccines, others whole 
cell pertussis vaccines, and some a placebo consisting of diphtheria and tetanus without the 
pertussis component. Acellular pertussis vaccines contain fewer bacterial proteins, and are 
generally considered to have fewer side effects than whole cell vaccines. 
By age 2-1/2, about 30% of the youngsters in each group showed a tendency to develop allergic 
conditions such as hayfever, food allergy, hives or eczema. 

Analysis of the study data suggests that the whole cell vaccine increased the risk of atopy 
(allergic conditions) by 4% or less, and the acellular pertussis vaccines increased the risk by 
10%, according to the researchers from University Hospital in Linkoping, Sweden. 
''Our results indicate a possible small increase in the risk of atopic disease after acellular 
pertussis vaccines," the authors wrote. 

"Whooping cough is a debilitating disease and, in infancy, there may be serious complications," 
write the researchers. "The reasonable conclusion seems to be that acellular vaccines would at 
most be associated with a small to moderate increase in (allergy-related disorders)." 
SOURCE: Archives of Pediatrics and Adolescent Medicine 1998;152:734-738. 
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Childhood vaccination should have been included in asthma study 

Kaur et al's finding that children aged 12-14 years in cities had less asthma (30.3%) than 
those in rural areas (35%) 1 must lead to questions about the role of air pollution in asthma. 
What I found disappointing was the absence in the questionnaire of any questions about 
childhood vaccination. Odent found that children aged 8 years who had been immunised against 
whooping cough as babies had nearly six times the incidence of asthma compared with children 
who were not immunised.2 And in Christchurch, New Zealand, the Wellington asthma research 
group studied 1265 children aged 10 years3 and found that none of the 23 children who had not 
received diphtheria, pertussis, and tetanus or polio immunisations had recorded consultations for 
asthma or other allergic illnesses whereas 23% of the immunised children had had episodes of 
asthma and 30% had had consultations for other allergic illnesses. 

These reports point a strong finger of suspicion at childhood immunisation being the cause of the 
remarkable increase in childhood asthma and allergies over the past few decades. A thorough 
programme of unbiased research into the short and long term side effects of childhood 
immunisation is essential. To continue saying that vaccinations are safe in the absence of sound 
clinical evidence may be no truer than the claim of the emperor that his new clothes were the 
finest ever made. Robert Blomfield, Retired homoeopathic general practitioner. 
Hebden Bridge, West Yorkshire 

Kaur B, Anderson HR, Austin J, Burr M, Harkins LS, Strachan DP, et al. Prevalence of asthma 
symptoms, diagnosis and treatment in 12-14 year old children across Great Britain (intemational 
study of asthma and allergies in childhood, ISAAC UK). BMJ 1998; 316: 1 1 8- 124[ Abstract/Full 
Text]. (10 January.) 

Odent MR, Culpin EE, Kimmel T. Pertussis vaccination and asthma: is there a link? JAMA 
1994; 272: 592-593. 

Kemp T, Pearce N, Fitzharris P, Crane J, Fergusson D, St George I, et al. Is infant immunization 
a risk factor for childhood asthma or allergy? Epidemiology 1997; 8: 678-680[Medline], 
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Letters 

Selective evidence was used to support link between immunisation and 
asthma 


<txt>Editor 


Blomfield says that there is accumulating evidence that immunisation causes 


asthma.^ But he presents only evidence supporting the hypothesis when there is also evidence against it. 

He quotes a retrospective cohort study that suggested a link between pertussis immunisation and asthma but not the 
subsequent randomised controlled trial that found no association.^ The findings of the New Zealand cohort study were 
based on only 23 children who did not receive triple (diphtheria, pertussis, and tetanus) vaccine or polio vaccine, for six 
of whom data were incomplete.^ If even one of these children developed asthma, the association with immunisation 
would not be significant. The cohort study has other important limitations.;^ Furthermore, a British cohort study found 
no association between immunisation and wheeze but did find a lower risk of eczema among immunised children.^ 


Further research is clearly needed in this area. It is misleading to present only the evidence supporting the hypothesis 
when there is at least as much opposing it. 


</TXT>Osman David Mansoor<NOWRAP>5 Public health physician. 

Ministry of Health, PO Box 5013, Wellington, New Zealand 
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The Inverse Association Between Tuberculin 
Responses and Atopic Disorder 

Taro Shirakawa, Tadao Enomoto. Shin-ichiro Shimazu. 
Julian M. Hopkin* 

Human immuns responses are heterogeneous and may involve antagonism between T 
helper (T J lymphocyte subsets and their cytokines. Atopy is charactenzed by immediate 
immunoglobulin E {lgE>-mediated hypersen^ivity to agents such as dust tnites and 
pollen and it underlies the increasingly pre>felent disorder asthma. Among Japanese 
schoolchildren, there was a strong inverse association between delayed hypersensitivity 
to Mycobactenum tuberculosis and atopy. Positive tuberculin responses predicted a 
lower incidence of asthma, lower serum IgE levels, and cytokine profiles blasaJ toward 
T 1 type. Exposure and response to M. tubercufosis may, by modification of immune 
profiles, inhibit atopic disorder. 


Atopy is a state of allergic response, me- 
diated by IgE, to largely innociiuus, com- 
mon environmental antigens (allergens) 
such as those derived from house dust 
mites and plant pollens (I); it underlies 
the clinical diseases of asthma, hay fever, 
and eczema (2). Atopy can be recognized 
by allergen-specific IgE in serum or by 
immediate-type hypersensitivity reactions 
to allergens upon intradermal skin testing. 
Heterogeneous genetic and environmental 
factors interact in the development of ato- 
py (3); a set of cytokines— interleukin-4 
(IL-4). lL-10, and IL-13 derived from the 
T^l subset of T lymphocytes— is central 
in mediating IgE production and the de- 
velopment of immediate hypersensitivity 
(4). 

In recent decades there has been an 
increase in severity, and probably in prev- 
alence, of atopic disorders in developed 
countries (5). Studies on migrants firom 
developing to developed countries support 
the importance of etiological environmen- 
tal changes associated with "Westerniza- 
tion" (6), The nature of these environ- 
mental changes is obscure, but speculation 
has focused on increased air pollution or 
other toxins in the environment, in- 
creased indoor exposure to dust mite an- 
tigens in less ventilated modem homes, 
and dietary changes (7). One factor tem- 
porally associated with the rise of atopy is 
the decline of many infectious diseases in 
developed countries as the resuh of im- 
proved living standards and immunization 
programs {8). Data on the risk of atopy 
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according to sibship size and birth order 
(9) also support the possibility that dimin- 
ished exposure to infection might, in some 
way, promote atopic responses. Childhood 
respiratory infections that might strongly 
modify the developing immune system, 
both systemically and within the lung, 
include measles, whooping cough, and tu- 
berculosis. Some of these infections culti- 
vate a Tj^l immunological environment 
with lL-12, interferon-"y (IFN-7), and tu- 
mor necrosis factor (TNF) as predominant 
cytokines (10); because these cytokines 
inhibit T^Z cytokine functtorwi (J2)> the 
absence of such infections might release 
T,i2 immune mechanisms and thus pro- 
mote atopic disorder. 

In the case of tuberculosis, an important 
marker of T^l -mediated acquired immunity 
(not synonymous with protection) is the 
development of delayed-type hypersensitiv- 
ity. This can be tested by observing the 
reaction, after 48 hours, to the intradermal 
injection of tuberculin protein (J 2). There 
is likely a **]-shaped" relation between the 
degree of delayed hypersensitivity and the 
risk of tuberculous disease, in which people 
with moderate hypersensitivity are at least 
ri.sk (i3). 

To test for clinical evidence of antag- 
onism between delayed hypersensitivity to 
tuberculin and immediate atopic respons- 
es, wc conducted an epidemiologic survey 
in a county of the Wakayama prefecture in 
southern Honshu, Japan, where there has 
been a long-established program of tuber- 
culin testing and immunization with at- 
tenuated bovine M. tuherc^sis vaccine 
[bacillus Calmettc-Gu^rin (BCX5)] after 
birth and at 6 and 12 years of age (M). 
From a population of approximately 1000 
12- to 13-ycar-old schoolchildren attend- 
ing the 18 junior high schools of the coun- 
ty in 1995, we studied 867 children with 
complete retrospective records of their tu- 
berculin responses. We administered a 
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questionnaire documenting atopic symp- 
toms and social and environmental vari- 
ables, and we also measured IgE scnim 
levels and T^l and 7^2 cytokine profiles 
{15); these data were analyzed in relation 
to the record of tuberculin responses. 

There was a bimodal distribution of 
dclayed-type hypersensitivity responses to 
tuberculin upon skin testing (Fig. lA). 
Positive tuberculin tests (2=10 mm skin 
induration) correspond to response to M. 
tuberculosis; negative tests include fully 
negative reactions as well as intermediate 
reactions (5 to 9 mm) that generally re- 
flect responses to nontuberculous environ- 
mental mycobacteria or to RCG (i6). Pos- 
itive tuberculin responses were recorded in 
3% of the children at 3 months of age, in 
33,2% at 6 years, and in 58.0% at 12 years. 
In many children, the tuberculin status 
changed, to either positive or negative, 
between the ages of 6 and 12 years (Table 
1, groups 2 and 4). None of the children 
suffered clinical tuberculous disease at any 
stage, including 24 with florid tuberculin 
responses (>40 mm skin induration) who 
underwent full clinical and radiographic 
assessment for the disease. 

Of all the children studied, 36% man- 
ifested atopic symptoms at some rime. A 


A 15 


Strong inverse association was found be- 
tween positive tuberculin responses at 
both 6 and 12 years of age and a range of 
atopic characteristics, including symptoms 
at any age and IgE levels and Ty^2 cyto- 
kine profiles assayed at 12 years of age 
(Fig, IB and Tables I and 2). In positive 
tuberculin rcspondcrs, the rate of current 
atopic symptoms was one-third the rate in 
negative rcspondcrs. Asthmatic symptoms 


were one-half to one-third as likely in 
positive tuberculin responders as in nega- 
tive responders (Tabic 2). Moreover, re- 
mission of atopic symptoms between 7 and 
12 years of age was six to nine times as 
likely in positive tuberculin responders. 
Serum IgE levels, both total and allergen- 
specific, were also lower in the positive 
tuberculin responders. The geometric 
mean for total serum IgE level was 112 


Measurement 


Group 1 
(n = 290) 


Group 2 Group 3 
(n = 289) (n = 2i3J 



to 20 30 
DKT(mm) 



20 40 60 ao 

DHT(mm) 

Fig. 1. Deiayed hypersensitivity to tuljerculin 
(DHT, in nrnlfrneters) ar»d relation to serum IgE. (A) 
Histogram stiowing bimodal cnstribution of re- 
sporises to tuberculin, assayed as DHT at 12 
years of age in 867 Japanese schoolchildren. (B) 
Plot of log(total serum IgE) versus DHT in the same 
children (r = -0.492. P < 0.001) 
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Tuberculin response 


Odds ratio 


Atopy 


Atopic symptoms 


Conversion to 
positive up to 6 
years of age 

Conversion to 
positive between 
6 and 12 years of age 


Occun-ance 


Remission 


0.50 
(0.29 to 0.83)* 

0.43 
(0.25 to 0.83)*- 


Asthma: 0.31 
(0.22 to 0.45)* 

Eczema: 0.50 
(0.33 to 0.91)* 

Asthma: 0.42 
(0.24 to 0.56)* 


*P < 0.05. "P < 0.01 , '"P < 0.0O6. 
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lU/mL for children who had a positive 
tuberculin response at any time, whereas it 
was 194 lU/ml for children whose respons- 
es were always negative. A plot of the 
logarithm of cocal serum lg£ against the 
diameter of tuberculin response shows an 
inverse Unjeat relation, r — -0.492 (Fig. 
IB). Positive tuberculin responders had 
significantly lower levels of Tn2 cytokines 
(IL-4, iL-10, and IL-13) and higher levels 
of tjie Tj^l cytokine IFN-'y. 

In tests for confounding variables (J 5), 
we found no differences in life-style, en- 
vironmental factors, or nutritional status 
between the positive and negative tuber- 
culin responders; estitnated allergen expo- 
sure was similar among the groups with 
respect to pet animal exposure^ character 
and ventilation of homes, and residence in 
a rural area. Exposure to helminths, which 
can promote high IgE levels, was minimal 
in the population; only 7 of the 867 chil- 
dren showed IgE to Ascaris lumbricaides. 
Similar numbers of positive and negative 
tuberculin responders reported atopy in 
any sib, parent, or grandparent ( — 50%) or 
had chest radiograph reports of tuberculo- 
sis in the same relatives at any time 
(-13%). 

Several lines of evidence suggest that a 
causal link between tuberculin respor\se 
and atopy is more likely than fixed deter- 
mination of both atopy and diminished 
tuberculin responses by a genetic factor or 
factors. Our data show that tuberculin 
responses change, from positive to nega- 
tive and vice versa, in many children be- 
tween 6 and 12 years of age (groups 2 and 
4 in Table 1). A marked decline in the 
incidence of positive tuberculin responses 
in the Wakayama region over a very short 
genetic interval~95% in 1965. 85% in 
1975, 60% in 1985, and 58% in our 
survey — was accompanied by a decline 
in infectious clinical cases of tuberculosis 
from 154.4 per 100,000 in 1974 to 52.1 per 
100,000 in 1994 (/ 7). Experimental ani- 
mal data show antigen- independent, re- 
ciprocal inhibition of either T^l or T^l 
immunity by infectious agents that strong- 
ly promote Tul responses [such as myco- 
bacteria {18}] or T^2 responses [such as 
schistosomes (J9)J. The data suppon the 
hypothesis that a decline in infection, in 
this instance tuberculosis, is a factor 
underlying the rising severity and preva- 
lence of atopic disorders in recent decades 
in developed countries. These data are 
also consistent with the idea that atopic 
responses are limited by T,,l immune 
mechanisms. 

Epidemiological data from Guinea-Bis- 
sau show that a history of childhootl mea- 
sles infection around the time of an epi- 
demic was associated with a 50% decrease 


in the rate of positive atopic skin tests 
(20). In our stitdy, wc found no relation 
between a history of measles infection and 
atopy. However, there are important pop- 
ulation and environmental differences be- 
tween Wakayama and Guinea-Bissau; 
also, the Wakayama region has had an 
established program of measles immuniza- 
tion, with an uptake of 60% or more, and 
there had been no measles epidemic rele- 
vant to OUT study. It is likely that a set of 
specific infections that strongly promote 
T,j1 immunity has the potential to inhibit 
atopic disorder by the repression of T,,2 
iimn unity. We believe that the role of 
such an infection in repressing atopy de- 
pends on a number of factors, including its 
timing, anatomical site, dose, and pro- 
tractedness; exposure to other infections; 
and host characteristics such as genetic 
variables and nutritional status (21), Pro- 
spective and experimental studies are 
needed to investigate the action of M. 
tuberculosis and other microorganisms, 
through natural infection or immunization 
schedules, in deviating immunity away 
from atopy. 
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Early BCG vaccination and development of atopy 


Johan S Aim, Gunnar Lilja, Goran Pershagen, Annika Scheynius 


Summary 

Background The increase in atopic diseases may be partly 
explicable by a decline of certain infectious diseases, or 
changes in childhood vaccination programmes, or both. We 
investigated whether BCG vaccination against tuberculosis 
influences the development of atopy. 

Methods We did a retrospective cohort study of 216 
children with atopic heredity, born in Stockholm between 
1989 and 1992. who received BCG vaccination when they 
were younger than 5 months, and 358 age-matched 
controls who had not been vaccinated. Both groups 
attended Sachs* Children's Hospital. Stockholm, Sweden, 
during 1995-96 for assessment of atopic history and 
clinical signs of atopic disease. All children also undenwent 
skin-prick testing (SPT) and serum was analysed for 
allergen-specific IgE antibodies. Serum from parents was 
also analysed for IgE antibodies. 

Rndings 77 (36%) children in the BCG group and 145 
(41%) in the control group had a positive history or clinical 
signs of atopic disease. In the vaccinated group, 26 (12%) 
children had one or more positive SPT. and 61 (31%) had 
circulating allergen-specific IgE antibodies, whereas in the 
control group, the numbers were 35 (10%) and 84 (27%) 
respectively. Atopy was confirmed by serology in parents of 
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almost two-thirds of the children in each group. Other risk 
factors for atopic disease were evenly distributed between 
the two groups. 

Iitterpratatlon early BCG vaccination in children with atopic 
heredity does not seem to affect the development of atopic 
disease before school age. 

Lancet 1997; 350: 400-03 
See Commentary page 380 

Introduction 

The occurrence of atopic disease mediated by IgE 
antibodies is increasing in developed countries, and the 
proportion of children with asthma, atopic dermatitis^ 
rhinoconjunctivitis, or food allergy, is now more thafi 
30%.' ^ The reasons for this increase are largely unknown, 
but environmental factors are thought to have an 
important role. For example, associations with residence 
in industrial or urban areas and a western lifestyle have 
been found in comparisons of eastern and western 
Europe.*-^ 

T-helper (Th) lymphocytes have a central regulatory 
influence on allergic inflammation and can be subdivided 
according to their production of cytokines.' Thl cells, ^ 
when stimulated wixh virus or intracellular bacteria, 
secrete interferon-7, which can inhibit IgE production by 
B cells.'" By contrast, Th2 cells, when stimulated with 
allergens or parasites, release interleuldn-45 which 
promotes IgE production by B cells.'**' Th2 activity 
dominates in atopic indi\nduals." 

BCG vaccine is a potent adjuvant for induction • of 
cell-mediated immunity' and induces inerferon-7 as one 
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of, the ina)or cytokines." This action may cause a Thl- 
activity type immune response/ BCG vaccine has been 
used in attempts to modulate the immune response and, 
therebyj interfere with the pathogenesis of diseases. 
Studies in diabetes-prone mice have shown that a single 
injection of BCG vaccine given at an early age can 
prevent the development of type 1 diabetes."^ In a trial of 
children with newly diagnosed type 1 diabetes, a single 
xne^cutaneous dose of BCG vaccine led to long-term 
clinical remission. 

The increase in atopic disease may be partly explained 
by a decline in certain infectious diseases, as well as 
changes in inununisation programmes. BCG vaccine was 
given to 95% of all newborn babies in Sweden until 1975, 
when vaccination was stopped because of side-effects and 
lower risk of tuberculosis exposure." Vaccination is now 
offered only to hi^-risk groups, such as children who 
have a close relative with tuberculosis or immigrants from 
some areas, or upon parental request. Therefore, the 
vaccination rate is now less than 4% in Swedish-bom 
children." We assessed the influence of BCG vaccination 
in early life on the development of atopy in children with 
atopic heredity. 


780 children bom between 1989 and 1992 who received BCG 
vaccinatioa before the age of 6 months were traced from Child 
Welfare Centre records in the catchment area of Sachs' 
Children's Hospital in south Stockholm (table 1). In this area^ 
99-7% of all families with infants visited the Child Welfare 
Centres." Nurses at these centres were asked to exclude children 
of non-Nordic parents to keep potential confounding to a 
minimum. A quescionnaiie about atopic disease among the 
parents was sent to all these families. 650 (83%) of 780 
responded, and 283 of these children had no atopic heredity. 
Among the remaining childrenj 87 who had been vaccinated 
after the age of 6 months were excluded, and 37 refused further 
participation, which left 243 children for clinical assessment. 

A control group of children, age-matched by calendar year, 
was randomly selected from population registers among children 
living in the same area as the BCG group. After exclusion of 
non-Nordic infants, 1266 children remained. The control group 
received the same questionnaire as the BCG group. 980 (77%) 
replies were received (table 1). The parents of 475 of these 
infants reported no atopic symptoms. Among the remaining 
children, 40 were excluded because of previous BCG 
vaccination, and 73 refused further participation. Therefore, the 
control group consisted of 392 infants. 

The parents of both groups of infants were mailed a second 
questionnaire about atopic symptoms as well as social and 
environmental details, and were asked to visit the outpatient 
ward at Sachs' Children's Hospital, Stockholm, Sweden, 
between October, 1995, and October, 1996, for a clinical 
assessment. At this point, in the BCG group consisting of 243 
children (87% of those invited), two children had no vaccination 
scar, 1 1 had had late (>6 months) BCG vaccination, and 2 1 had 
non-Nordic parents. These 34 infants were excluded from 
further study, which left 209 infants. Seven controls had been 
vaccinated before the age of 6 months, and these were 
transferred to die BCG group, and, therefore, the BCG group 
consisted of 216 children after clinical assessment. 

The mean age at BCG vaccination was 17 days (range 0-180) 
for girls (n=104), and 21 days (range 1-173) for boys (n=112). 
In the control group, 392 (84%) children were clinically 
assessed. After ftxrthcr exclusion of eight infants who were 
vaccinated at older than 6 months and 1 9 who had non-Nordic 
parents, 358 children remained in this group (172 girls and 186 
boys). The mean age at examination was 5-5 years (range 
31-7-2) and 5-4 years (range 2-9-7-2) in the BCG and conuol 
groups, respectively. 



BCGpoup 

Contiolgmiip 

ScrMfitnC ffts^ 

Selected for screening 

Responded to screening questionnaire 

Atopic heredity t3y history 

Excluded tKcause of late vaccination (>6 months) 

780 

650 (83%) 
367 
87' 

1266 
980 (77%; 
505 
• 40' 

CBnIcal ■tMSMMil 

Invited 
Attended 

visible BCG scar 
Late vaccination f>6 months) 
Non-Nordic parent 

BCG-vaccinated controls transferred to BCG group 

280 

243 (87%) 
2' 
11* 
21* 

7 

465 

352 (84V, 
377 
8- 
19- 

RmI tti«ty troups 

216 

358 


•Excluded. 

Table 1: Selection of children with early BCG vaccination and 
controls 


All clinical assessments were done by the same doctor QSA) 
who was not aware of the vaccination status or test results. The 
clinical diagnosis of atopic disease was based on information 
from the questionnaire and from the clinical assessment. The 
following criteria were used. 

Bronchial astttma — three or more episodes of wheezing before 
the age of 2 years, or one episode at 2 years or older, or any 
episode of wheezing, independent of age, if combined with 
familial atopy or other atopic symptoms in the child. 

Anergic rhinoconjunctivitis — rhinitis^ or coniunctivitis, or both, 
at least twice after exposure to a particular allergen, and 
unrelated to infection. 

Food allergy or allergic urticaria- -acute onset of symptoms such 
as skin reactions, wheezing, vomiting, or diarrhoea on more than 
one occasion after ingestion or contact with a partioilar type of 
food or allergen. 

Atopic aermatitis—as described by Hanifin and Rajka.'* 

The BCG vaccine used was attenuated Kb 1331 strain of 
Mycobacterium bovis, without preservative (Statens SeruminstiTui, 
Copenhagen, Denmark).' = In children younger than 1 year, this 
vaccine is given as 0-05 mL intra cu tan eously on the proximal 



BCO group 

Control ffoup 


(n=216) 

tn=35e) 

CMcal ftymptomt or history of atopic dtoease 



Bronchial asthma 

22 (10%) 

43 (12%) 

Atopic dermatitis 

58 (27%i 

107 (30%) 

Allergic rtiinoconjunctivitis 

31 (14%) 

34 (9 0%j 

Food allergy 

6 (3-0%) 

7 (2 0%) 

Urticaria 

10!5-0%) 

9 {3-0%) 

Total with at least one symptom 

77 (36%) 

145(41%) 

SktfHNtefc test 



positive test 

26 (12-0%) 

35(10%) 

Cat 

10(4-8%) 

13<3'8%) 

Dog 

2 (10%) 

2 {0-6%) 

Hofse 

4 (1-9%) 

7 120%) 

Birch 

7 (3-3%) 

12(3-5%J 

Timothy grass 

6 (2-9%! 

5(1-5%; 

Mugwort 

0 

0 

Cladosporium 

0 

0 

D pteronyssinus 

1 (05%) 

0 

Peanut 

7 (3 3%) 

10 (2-9%) 

Egg white 

2 (10%) 

1 (03%) 

Codfish 

0 

2 (0-6%) 

Cow's mitk 

1 (0-5%) 

0 

Soy t>ean 

1 (0-5%) 

0 

Number tested 

210 ^97%) 

344 (96%) 

Kood un^te (hum chOthwi 

Any serology positive 

61 (31%) 

B4 (27%) 

Phadiatop posiHwe onfy 

20 (10%) 

31 (10%) 

fx5 positive only 

17 (9%1 

31 (10%) 

Ftiddiatop and fx 5 positive 

24 (12%) 

22 (7 0%) 

Total with blood samples available 

194 (90%) 

317 (89%) 


Table 2: Si^ off atopy according to clinical examination, SPT» 
and Mrologtcal testa In children with early BCG vaccination 
and controls 


Vol 350 • August 9, 1997 


401 


THE LANCET 


lateral part of the left upper arm without a previous mbcroilin 
test,=' None of the children received a subsequent tuberculin test 
or rcvaccination. All children in the final BCG group had a scar 
at the site of vaccination, which was confirmed in the clinical 
assessment. 

Skin-prick tests (SPT) (Soluprick, AUC, Copenhagen, 
Denmark) were done on the volar side of the child's lower 
arm. TTiese included tests for birch, catj cladosporium, 
Dermawphagoides pteronyssinus, dog, horse mugwort, and timothy 
grass (10 HEP), hen*s-egg white (1/100 weight/volume), codfish 
(1/20), cow's milk (3% fat, standard foodstuff), peanut (1/20) 
and soy bean (Soja Semp, Semper AB, Stockholm, Sweden). 
Histamine chloride 10 mg/mL was used as the positive control 
and the allergen dauent as the negative control. An SPT was 
deemed positive if the weal was at least 3 mm in diameter and 
larger dian or equal to the histamine-induced weal after 15 min. 
The same batches of each extracts were used and the SPTs were 
done throughout the study by the same nurse who was unaware 
of vaccination status. 

A capillary blood sample was taken from each child and from 
the parent with the most probable atopic history. The blood 
samples were centiifuged and serum was separated and stored at 
-20X until analysis, which included detection of circulating 
IgE antibodies (Pharmacia Diagnostics AB, Uppsala, Sweden) 
against 1 1 common inhalant allergens (Phadiaiop) and six food 
allergens (fe5). Infants with at least one positive SPT to any of 
the selected food or inhalant allergens, or a positive Phadiatop, 
or a positive fit5, or any combination, were classed as atopic." 

Data were analj-sed by X' tests or Fisher's exact test (mid p 
values) to compare proportionsj for continuous data, the Mann- 
Whimey non-parametric U test was used. Significance was set at 
p<0-05. Power calculations were done according to Casagrande 
and colleagues' calculations.'' 

The study was approved by the local research ethics 
conunittec, and informed consent was given by all parents. 

Results 

Positive history or clinical signs consistent with atopy 
were seen in 36% of the BCG group and in 41% of 
controls, of which the youngest were 19 months (range 
0-51) and 24 months (1-72), respectively (table 2). The 
distribution of different atopic symptoms in the two 
groups did not differ significantly. 

12% of infants in the BCG group had positive SPT 
reactions compared with 1 0% of controls, with an equal 
distribution for different allergens between the two 
groups (tabic 2). A positive reaction to cat antigens was 
most common, followed by birch, peanut, timothy grass, 
and horse. 

Blood samples were available for nearly 90% of 
children (table 2). In the BCG group, 10% had positive 
Phadiatop tests and 9% had positive fx5 tests. The 
corresponding proportions in the control group were 1 0% 
for both tests. A greater proponion of the BCG group 
than of the control group had positive results in both 
in-vitro tests (12 vs 7%), but overall, the percentage of 
positive results was similar in the two groups. When 
results from STP and serological tests were combined, 
the rate of atopy according to Pepys' definition'" was 29% 
and 24% in the BCG group and the control group, 
respectively. 

Demographic data and risk factors for atopic disease 
are presented in table 3. There were no clear differences 
between the BCG group and controls in birthweight 
(mean 3544 g and 3473 g), gestational age at birth (39-9 
and 39-7 weeks), number of children in the family (2*2 in 
both groups), or other risk factors for atopic disease, such 
as heredity, sex, short duration of breastfeeding, parental 
smoking, and furred pets in the home. Parental atopy was 






1 11-216) 

(n=:358) 

M/F 

lOS (52%)/l04 (48%) 

186 (52%)/172 (48%) 

Low birthweight {<2500 g) 

4 (3-2%) 

11(3-1%) 

Breastfed exclusively *4 months 

124 (57 0%) 

226 (63-0%) 

Chanctttbttc* of home 



Maternal tobacco smoker 

53 f25%t 

93 (26%) 

i^l cigarette/day) 



Live in flat 

108 {50%) 

166 {46%) 

Furred pets in household 

101 (47%) 

147 (41%) 

Moisture inside wirkdow panes 

11 (50%) 

15 (4-2%) 

Pit hnmA 


Famlylitatoryofvtofy 



Mother 

76 135%) 

120 (33%) 

Father 

56 (26%) 

99(28%) 

Both parents 

84 (39%) 


Blood sampJes from parents 

200 (93%t 

337 (94%) 

Positive atopy serology ir parents 

125 (63%) 

221 (66%) 

OrfgllloepWMtS^ 



Denmark 

1 

3 

Rnland 

28 

17 

Norway 

0 

4 

Total 

29(130%) 

24 (6-7%) 


*Other than Sweden 


Table 3: Demographic data and risk factors for atopic disease 
In the BCQ group and controlt 

verified by serology in 63% and 66% of parents in the 
BCG and control groups, respectively (table 3). 
Restriction of the analysis to the children of these parents 
did not result in significant differences between the 
groups for any outcome (data not shown). 

Based on the proportions in the control group, the 
statistical power of the study to detect a 50% reduction in 
fi^quency of atopy was 99% for clinical symptoms or 
history of atopic disease, 48% for at least one positive 
SPT, and 89% for any positive serology. 

Discussion 

This study shows that early BCG vaccination has no 
primary preventive effect on the development of atopic 
disease before school age in children with atopic heredity. 
To increase the eflSciency of our studyj only children 
whose parents had a history of atopy were included. The 
statistical power was adequate to detect a 50% reduction 
in the frequency of clinical or serological signs of atopy 
among the children in the BCG group. The occurrence of 
clinical symptoms of atopy^ and the fi-equency and 
distribution of positive SPTs and positive serological tests 
in the two groups are similar to those in other Swedish 
studies of children of similar age and with atopic • 
heredity.'"* The clinical part of the study was masked to 
reduce the risk of exposure-related misclassification of the 
outcomes. Non-response rates were similar for children 
who were and were not vaccinated and the occurrence of 
atopy is unlikely to differ greatly between the non- 
responders in the two groups. The distribution of risk 
factors for development of atopic disease was similar 
among the BCG group and controls, which reflects a lack 
of confounding by these faaors. The distribution of risk 
factors was also similar to that found in other Swedish 
studies.""" A higher proportion of the BCG-group 
parents were bom in Nordic countries other than 
Sweden, but most of these parents came from Finland, 
where the atopy rates are similar to those in Sweden."^' 

The protective efficacy of BCG vaccine against • 
tuberculosis is debated." Mantoux skin testing is the 
established method of checking the protection, althougji 
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the- correlation is doubtful because of individual 
differences in the reactivity to tuberculin'*" and cross- 
reactions to atypical mycobacteria.'* The presence of a 
scar is thought to be the best sign of a successful 
vaccination'* and we used scars to confirm vaccination in 
our study. 

Shirakawa and colleagues" reported that positive 
tuberculin responses among Japanese schoolchildren aged 
12-13 years correlated with a lower incidence of atopic 
disorders. Positive tuberculin responses (>10 mm skin 
induration) were recorded in 3% of the children at age 3 
months, 33% at age 6 years, and 58% at age 12 years. At 
each of these ages, negative responders were BCG 
vaccinated. The rate of atopic symptoms was significantly 
lower in children with positive tuberculin reactions. Much 
of the inverse association between tuberculin and atopy 
was due to children with strong tuberculin responses 
(>40 mm skin induration). An important difference 
between the children in the Japanese study and ours, 
apart from different vaccination progranunes, is the 
environmental exposure to mycobacteria. The incidence 
of tuberculosis is about ten times higher in Japan than in 
Sweden."-^' Natural exposure to mycobacteria but also a 
predisposition in the individual to a Thl response may 
have implications for the interpretation of the Japanese 
results. The difference in outcome after vaccination and 
natural infection is illustrated in a retrospective cohort 
study from Guinea-Bissau, where measles infection, but 
not childhood measles vaccination, was associated with a 
reduction in atopy.* How the immunological responses to 
a measles infection and vaccination differ is not clear,"-^ 
but a protective effect against atopy was achieved only by 
real infection. 

Early BCG vaccination in infants with atopic heredity 
seems to have no significant effect on the devlopment of 
atopic disease before school age. If these findings are the 
same for older children and children without atopic 
heredity, vaccination may not constitute an effective 
primary preventive strategy for atopic diseases. 
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A Randomized Controlled Trial of the Effect 
of Pertussis Vaccines on Atopic Disease 


Lmnan Nilsson, MD; N,-I. Max Kjellman, MD, PhD; Bcngt BjOrksUn, MD, PhD 


Backgrowiitis Pertussis vaccination in infancy has been 
suggested to increase die risk for development of asthma 
and allergy. 

Obi*ctives To assess sensitization rates and develop- 
ment of atopic diseases in a prospective randomized con- 
trolled trial of pertussis vaccine. 

Paffi«iih and MeHiodst A total of 669 children were 
randomized to 1 of 4 vaccine groups (2-component acel- 
lular pertussis, 5 -component acellular pertussis, whole- 
cell perttissis vaccines, and placebo [diphtheria and teta- 
nus toxoidsl). Diphtheria and tetanus toxoids were also 
given to the children in the pertussis vaccine groups. The 
children were evaluated by means of questionnaires at 
age 2 months, 7 months, and IVi years; skin prick tests 
at age 7 months and IVi years; and bhnded clinical in- 
vestigation at age 2V2 years. The families were con- 
tacted at regular intervals to assess possible adverse ef- 
fects after the vaccinations and symptoms of whooping 
cough. 


cci]«i£« Of 


RosmHss The cumulative incidence of atopic diseases was 
30% and incidence rates were similar in the 4 groups af- 
ter adjusting for family history. Exposure to environ- 
mental tobacco smoke and home dampness did not con- 
found these results. The frequency of adverse effects did 
not differ appreciably between atopic and nona topic chil- 
dren, with the exception that a nodule at the vaccina- 
tion site was more frequent after whole-cell pertussis vac- 
cination in the nonatopic children. Among 47 children 
with proven pertussis, atopic disease appeared in 19 
(40%). Of these 47 children, 9 (19%) developed asthma, 
as compared with 58 (9%) noninfectcd children (P ^ .03). 

Conclosionss We found no support for a drastic in- 
crease in allergic manifestations after pertussis vaccina- 
tion. There was a positive association between whoop- 
ing cough and asthma by 2'/2 years of age. There seems 
to be little reason to withhold pertussis vaccination from 
infants, irrespective of family history of allergy. 

Arch Pediatr Aduk^c Med. 1998;1 32:73^-738 


Editor's Not»9 This study should help to allay fears of increased 
atopy with pertussis vaccine; in fact, if that was the reason you used 
not to immunize, the data on atopy following pertussis vaccina- 
tion should stimulate you to do so. 

Catherine D. DcAngcUs, MD 


From the Division of PediatfUi, 
Department of Health and 
Environment, Facuhy of Health 
Sciences, University hospital 
Unkoping, Sweden. 


THR ETIOLOGY of asthma and 
allergy is multifactorial and 
a consequence of an inter- 
action between genetic sus- 
ceptibility and environmen- 
tal factors, particularly those encountered 
early in hfe.**^ Tobacco smoke is a major 
adjuvant factor for the development of 
asthma and allergy; avoidance of environ- 
mental tobacco smoke is essential in both 
primary and secondary prevention.^ Other 
potential adjuvants include certain infec- 
tions and vaccinations.' Bordetella pertus- 
sis may be particularly important in this 
respect, as judged from experiments in ani- 
mals^*' and experiences in humans.^" 

In children, IgE antibodies to pertus- 
sis toxin arc commonly found after infec- 
tion and immunization.*^ It was recently 
suggested that whole-cell pertussis vacci- 
nation in infancy may increase the risk of 


asthma 5-fold, from 2% to more than 10% 
during childhood." I lowever, in a study of 
nearly 10 000 children, a questionnaire sur- 
vey with 3 questions on allergy symptoms 
did not support these finding?. As part of 
a study of the efficacy of 3 pei tu^bis vac- 
cines, we prospectively studied the devel- 
opment of atopic disease and sensitization 
during the first 2V2 years of life in relation 
to type of vaccine and possible confound- 
ers, including the effect of pemxssis infec- 
tion. Adverse effects related to pertussis vac- 
cination were also considered, to evaluate 
both advantages and disadvatiiages of per- 
tussis immunization. 


Atopic disease was verified in 201 children 
(30%) during the first 2Vi years of life. 
Atopic dermatitis occurred in 140 chil- 
dren (21%), and 67 children (10%) had 
bronchial asthma. Allergic rhinoconjunc- 
tivicis was found in 14 (2%), urticaria in 15 
(2%).and foodalleigy in 12 (2%) of the chil- 
dren. Ninety-one children (14%) had a posi- 
tive SPT to at least 1 allergen at 7 months 
of age. The prevalence of positive .SPTs de- 
creased with older age, as only 63 children 
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PATIENTS AND METHODS 

PATIENTS 

InaSwcdUhpcrtussisvacdne trial of9829childrenat Hstudy 
centers, 788 infants in Litikdpuig, Sweden, were raudooilzed 
to a double-blind comparison of the effects of 2-componenl 
accUular penussts vaccine (2-c, SmithKliiie Beecham, Rixen- 
sart, Belgium) , 5-componcni acellular pertussis vaccine C5-c, 
ConnaughtUd^ToTonto. Ontario), whole-cell pcrtussB vacant 
(WC, Coraiaught Laboratory Inc, Swiftwater, Pa), and diph- 
theria and tetanus toxoids vaccine (DT, Swedish National Bac- 
teriological Laboratory, Stockholm) used as placebo." The femi- 
liesof 711 iiiTanis also agreed co be included in the allergy study 
and 699 infants received 3 doses of vaccine as scheduled. The 
2-cvacdnewasgivcn to 188 children, 184 received the 5-c vac- 
cine, 143the WCvacclncand 184 children received only DT 
In all, 17 families moved from the area, and 6 families dedded 
to withdraw during the study period, and 7 children had in- 
complete follow-up data, leaving 669 children who were fol- 
lowed up from 2 mondis up to 2'/i years of age. The demo- 
graphics of the 30 children who were unavailable for tollow- 
updid rK)t differ significantly from thatofthe remainingchildreiL 
The children received their first vaccine dose in the trial 
atage2 months (56-92days), snd were evaluated at age 7 months 
(1 month after dose 3), and at about age 2Vz years (mean. 2 
years 5 mondis; range, 2 years 3 months to 2 years 8 months). 
The parents received questionnaires regarding tobacco smoke 
exposure of the children, home dampness (defined as prob- 
lems in the house, such as leaking pipes or condensation on 
2-glass window panes at temperatures below 0°C) . pets in the 
house, type of feeding, and possible allergic symptoms in the 
children at 7 months and at 2'>6 years of age. The questions 
regarding symptoms in thcsldn, nose, and bronchi (Figwr* 1 ) 
were modified from the International Study of Asthma and Al- 
lergies In Childhood ("ISAAC") questionnaires. * ' 

Skin prick tests (SPTs) were performed in duplicate on 
the volar aspect of the forearm with milk, egg white, and cat 
dander antigens at 7 months (n » 669) , and wi th egg, cat dan- 
der, dog dander, 7 mites CDermatophagoides pteronyssinus and 
Dfarinae)^ and timothy and birch antigens at IVi years of 
age (n « 666). Undiluted cow's milk and hen*b egg and So- 
luprick SQ extracts (10 HEP; Allergologisk Uboratorium A/S. 
Horsholm, Denmark) for other allergens were used accord- 
ing to the recommendations by the European Academy of 
Allergy and Oinical Immunology.** Tests were re^rded posi- 
tive ifskin wheals had a mean diameter of 3 X 3 mm or more 
after 15 minutes. Histamine dihydrochloride, 10 mg^mL, and 
blank lancets were included as positive and negative con- 
trob. No antihistamine should have been used during 3 days 
preceding the SPT. 

Physical examinations and. if needed, additional tests, 
were performed at ZVi years of age and when bronchial 
asthma or allergy was suspected by the study nurses. 

The parents of all participating children gave their in- 
formed consent. The study was approved by the Human 
Research Ethics Committee of the Medical Faculty at the 
University of Linkdping, 


DIAGNOSTIC CRITERIA 

The diagnoses were made on the basis of questionnaires, clini- 
cal findings, and information in medical records. Bronchial 
asthma was defined as at least 3 episodes of obstructive bron- 
chitis before 2 years of age or 1 episode of bronchial obstruc- 
tion after 2 years of age in the absence of other explanations. 
Atopic dermadds was defined as persisting or recurring itch- 
ing eczema for 6 months or more. A child was regarded as 
having allergic rhinoconjunctivitis in the case of an alHnna- 
tiveanswer to both of the following questions: "Has your child, 
during the last 12 months, suffered from sneezing, rhinor- 
rhea, or blocked nose without having a cold?" and "Have the 
nose complaints, during the last 12 months, been accompa- 
nied by itching or running eyes?** Urticaria was defmed as 
allergic if appearing after exposure to a particular allergen and 
with a positive SPT to the same allergen. The diagnostic cri- 
teria for food allergy included diarrhea, vomiting, urticaria, 
or Quincke edema after ingestion of a specific food at least 
once, and demonstrable IgE antibodies to the same food. 

The diagnosis of pertussis (whooping cough) was used 
according to criteria established by the Worid Health Orga- 
nization.'^ The families were contacted by telephone every 6 
weeks. Blood samples for serological analyses and nasopha- 
ryngeal cultures for B pertussis were made after 7jays of 
coughing. A case of pertussis was defined as the presence of 
paroxysmal cough for at least 21 consecuLive days plus I of 
the roUowing criteria; isolation otB pertussis in culture, an 
increase of 100% or more in IgG or IgA antibodies against 
pertussis toxin, an increase of 100% or more in IgG or IgA 
antibodies against filamentous hemagglutinin (in the ab- 
sence of positive results for Bord^i^lla parapertussis on c-ul- 
ture or polymerase chain reaction analysis), or documented 
contact with an infected household member witli cukure- 
confirmed B pertussis infection who began to cough within 
28 days before or after the onset of cough in the study child. 

The investigation was blinded to the families, nurses, 
and investigating physicians through the use of coded bottles 
imtil the diagnoses were established in all the children. 

STATISTICAL ANALYSIS 

Statistical comparisons were made using tests and Fisher 
exact tests. Adjustments for differences in family history 
of atopic disease were performed in the main comparisons 
between study groups using a logistic regression model (ver- 
sion 3.1 ofJMP, SAS Institute Inc, Cary, NC). Study group 
differences were uken into account by introducing indi- 
cator variables, as were differences in family history. An 
additive model containing such indicators seemed to be ad' 
equate and was used. 

Sample sizes gave approximately an 80% chance of de- 
tecting a 50% treatment group Increase above the control 
group level of atopic diseases during the first 2Vi years of 
age when using a 1-sided test of significance at the 5% level." 
As the main purpose of the study was to detect consider- 
able Increases in the risk of atopic disease by pertussis vac- 
cination, 1 -sided tests and 1-sided confidence limits that 
delimit the increase in risk in an upward direction were used. 


(9%) hada positiveSPT at 2'A years of age (P = .02). At least 
1 posiUveSPTvras recorded in 17% of the children, the most 
common reaction being to egg white, both at 7 months 
(80/669 [12%]) and at 2»/2 years of age (41/666 |6%]). A 


family history of allergy was associated with an Increased 
prevalenceofpositiveSPTsat 7 months ofagc. Thus, 26 (9%) 
of 279, 46 (1 5%) of 308, and 19 (23%) of 82 children with 
no, single » and double parental history, respectively, had 
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1 . Has your chiW evBt had wtieezlnfl or wnlslling In Uie Chesr? Nonres 

2. Has your child had wheezinfl or whisilinfl in the chest art any time during the bsl 
12 months? Nq/Ybs 

3. How many episodes with wheeTing has your Child had during the last 12 months? 
Nanen-3/4-12^12 

4. t>urino the tost ta moirtlw. how oftan. on average, has yotir nhilrf hean disturbed 
by whoenng? «*wf/lj«8 than 1 night per we^ m more nlohU per weelt 

t. Qunng Uw last 12 mwiths, h&s the whcezlna of yooj otiiW ever baon co c«v9« 
Itial ho or sho only could say 1 to 2 words betwaon the brealMngs? No/Yes 

e. During the last 1 2 months, has your chiW had wtwedng In the chest during or after 
exercise? No/Yis 

7. During the last 12 months, has your child had dry cough in the nights wmwui 
having a cold or an infection? No/Yos 

8. Has your child ever had wheezing at any time atter 2 years oi age? rionfas 

0. Has your chikl evsi had 3 diagnosed episodes of bronchitis before 2 years of age? 
No/Yes 

10. Has your child ever had trMtment with inhaled Lomudal (crooiolyn sodkim) or 
inhaled steroids? No//0« 

11 . Has your child ever had a diagnosis of bronchial asthma according to a physician? 
NO/Ye« 


Figure 1 . Ques^ons for a diagnosis of troitch^l asthma. BolOfxe items indi- 
cate rBSQonses supporting the diagnosis. A cumui3t(\/e diagnosis of ''t)ronchial 
asthma' t)y2*A years of age in 67 cttildren was txased on a confinnative answer 
to the foliowing Questions: Qtiastion 1 and one or wore of Questions 3, 4, 5, 6, 
and 7m6oneor both oK questions 8 and 9 (n^ 5$); qaesnon 1 and at teast 
question 1 1 and connrmedby the medico record of the child (n - 5): queshon 1 
and at teast question 8, 9, or Wand con^rmed by the medical record of the chitd 
(n = S): Question 1 1 and confirmed by the medicat record of the child (n = 1). 


30 


□ Z-Oomponeni Pertussis 

□ S-ComponerU Pertussis 

■ Wttota-Ceil Pertussis 

■ Diptithftrta and Tetaaus 


SPT+ 


SFT* 


Atopic 


Rgure 2. Atopic manffestations in 669 children during the first 2*4 years of 
age in relation to type of pertussis vaccine. No significant differences were 
seen between the vaccine groups. AD indicates atopic derrmtiiis: BA, 
bronchial asthma: and SPTi-.posith^ skin prick test. 

a positive 5PT (P = .004). The corresponding figures for a 
positive SPT at 2V2 years were 8%, 9%, and 19% depend- 
ing on heredity (P = .02) . The cumulative incidence of atopic 
manifestations was similar in children with a maternal and 
paternal history of atopic disease (36% vs 37%). 

The cumulative incidence of atopic disease at years 
of age» as well as the individual manifestations, were simi- 
lar in the 3 pertussis vaccine groups and the DT group 
(Fignrtt a). The cumulative incidence of positive SPTs at 
7 months and 2»/i years of age did not differ significantly 
between the groups (Figure 2), Using unadjusted data, a 
positive SPT at 2 V2 years was found in 12% of the children 
who had received the 2-c vaccine, as compared with 8% 
in the DT group (P = .20). Similarly, atopic dermatitis was 


Table 1* Demographic Data of 669 ChlWren Immunized 
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beroograptale Ftttpre 




-172) 




■;^.'';5e.4'^-''^'^' 
13.9 • 

v^.1/ 

Maternal astti^ 
Paternalasthma • • 

i 8.9 


5.1 

10.5 

Smokino mother 

^- r 187 ■ 


; 19.0 

18.7 

SmoMno father . . ; ; 

■ ■ 15:4 

18.9 

13.1 

17.5 

Oampnesis at home 

14:3 

; 12.4 

13.1 

14.0 

Pet at home 

' 28-0 

; ' 24.2 

19.0 

27.3 

Malesex - 

57.1 

50.6 

55.5 

52.9 


*No Significant differences were found between vaccine groups 6c^ test). 
2-c indicates 2'Component acefhrlar pertussis vaccine; 5-c, 5-component 
acetiuiar pertussis vaccine; WC. whole-cell pertussis vaccine; ^nd 
DT, diphtheria and tetanus toxoids vaccine (used as placeboh 


Table 2. Occarrence of Any Atopic Disease During 
the First m Years of Age In 669 Children In Relation 
to Vaccination and Parental History of Bronctilai 
Asthma, Atopic Dermatitis, or Allergic RhiniUs* 

Vacclite Gfoup Assignment. 


Parental 
Htetory 

No. of 
Siib}ects 


% of Children 


2-c or ft-c 

WC 

■■| 
DT 

None 

Mother 

Father 

279 
241 
227 

25.0 
37.5 
38.4 

21.1 
32.1 
35.7 

22.0 
34.6 
33.3 


*No significant differences were found between the vaccine groups. 
At>breviations are expfained in the footnote to Table 1. 

more frequent in children vaccinated with the 2-c vaccine 
than in the WC-vacdnated children CP= .08). 

The prevalence of environmental tobacco smoke, 
dampness in the home, indoor pets, preterm birth, and 
gender did not differ significantly between the 4 groups 
(Table 1 ). There were, however, fewer children with a 
family history of allergic disease in the DT-vaccinated chil- 
dren than in the 2 accUular vaccine groups (90/172 vs 
220/360; P = .05). When stratifying for family history of 
allergic disease, no significant differences in atopic mani- 
festations were found between the children in the dif- 
ferent vaccine groups (Tobl* 3). 

Risk estimates for atopic disease during the first 2 V2 
years of life were obtained usinga logistic regression model 
(Table 3). The risk in the DT group was estimated to be 
22-5% in children with no parental history of allergic dis- 
ease. The risk was estimated to decrease by 1 .7 percentage 
points for the WC vaccine (upper 95% confidence Umit,6.2 
percentage points). The figures correspond to an 8% reduc- 
tion and 28% increase, respectively. The con^esponding fig- 
ures for children immun ized with a component vaccine was 
an increase by 2.3 percentage points (single-sldcd upper 95% 
confidence limit. 9.3). corresponding to a 10% and 41% in- 
crease, respectively. The percenuges all refer to children 
with no parental history of allergic disease. The pattern was 
similar in children with single and double heredity. 

The prevalence of adverse effects was similar in atopic 
and nonatopic children, with the exception that a nodule 
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Table 3. E^matBd firsk 



*Abbf6}/i3tf0t}S Sre explained m the footnote to Table 1. Estimated risks in the conirol group are expressed as percerttage values. EsUmatBd chang&s in risk are 
expressed as a reduction or increase in these percentage points. For example, a risk increase of 2.3 corresponds to a 10% increase over the control group in the 
children receiving component vaccine. 


a Nodule arst Day in Haatiny CnlUren 
O Nodule 2^8 h In Healthy Chf MrBn 
■ Nodule RjTt Ooy in Atopic CMdren 
• NoduJe 246 h m Atopic Cntitfren 


60 

s 

E 40 


.02 
□ 


.006 


.10 

a 


.17 

Q 


2 

Dose 


Figure 3. Prevalence of a nodule at infection site after each of 3 injections 
with whole<eti pertussis vaccine (at 2, 4, and 6 months of age) in 137 
chikfren, stratHied according to the presence or absence of atopic disease 
during the ftrst 2"/^ years of life. Values at die top of symbols Indicate leveis 
of signmcance for differences between children wtdt and without atopic^ 
disease. No significant differences were found between atopic and nonatopic 
chikiren in any of the other groups. 


at ihe injecUuii siic after WC vaccination was more often 
reported in the nonatopic children (Figvrft 3). The most 
common adverse effects of the vaccines were redness (mean 
for all vaccine groups, 14%» 31%, and 39% after the first, 
second, and third injections, respectivdy), swelling (19%, 
42%, and 48%), and fever (22%, 30%, and 33%). The in- 
cidence of adverse effects increased significandy with each 
dose given (for swelling and redness, P<.001) in children 
vaccinated with acellular pertussis vaccines or DT vac- 
cine. The WC vaccine was associated with a similar high 
incidence of adverse effects after all 3 injections. 

Forty-seven children had verified pertussis during the 
study period, 25 children in the DT group, 13 In the 2-c 
group, 8 in the WC group, and 1 in the 5-c group (P<.001). 
Pertussis was associated with an increased cumulative in- 
cidence of bronchial asthma, ie, 19% vs 9% in uninfected 
children (P = .03). Other atopic diseases also tended to be 
more frequent, although not significantly, among the chil- 
dren with confirmed whooping cough (40% vs 29%; P = . 10) . 


The incidence of sensitization and manifestations of atopic 
diseases during the first 2V^ years of life was largely simi- 


lar after vaccination with any of 3 pertussis vaccines and 
placebo. There were several reasons to suspect that per- 
tussis immunization could be associated with an In- 
creased risk for atopic manifestations. First, pertussis toxin 
is a potent adjuvant for IgE induction in animals,' and 
second, a strong IgE response can be obtained to pertus- 
sis toxin from purified vaccines.^ Furthermore, primed 
T cells from children immunized with acellular vac- 
cines secrete high levels of interleukin 5 and relatively 
low levels of Interleukin 2 and interferon 7 following spe- 
cific antigen stimulation in vitro, ie, a mixgd T„l/T„2 
cytokine profile.'' 

Experiments in mice have shown ihat injection of 
B pertussis induces susceptibility to various chemicals,^^^ 
and cold air/^ indicating a functional 3-receptor block- 
ade. The immunological effects could possibly be ex- 
plained by increased intracellular levels o{ cyclic adeno- 
sine monopho^haie in lymphocynes Induced by B pertussis^^ 
and thereby a shift toward a T„2-like response." 

On the other hand, peripheral blood T cells from 
children with whooping cough secrete interferon 7 but 
not interleukin 3 on antigen stimulation, implying that 
immunity generated by natural infection is mediated by 
T„l-like cells.^* Analysis of blood samples from children 
after immunization with WC pertussis vaccines re- 
vealed a similar cytokine profile.**^ 

It is well known that families with allergic diseases 
tend to be overreprcsented in allergy studies. There was, 
however, no significant difference regarding symptoms 
associated with allergy between participants in the 
present study related to allergy and the children who only 
participated in the efficacy part of the pertussis trial." 

We intended to study whether pertussis vaccina- 
tion of infants would increase the risk of atopic disease 
and were fortunate to obtain data in a randomized and 
controlled experiment Even though 669 children com- 
pleted the trial, the estimated risk Icvcb had large mar- 
gins of error. Aiming at an 80% power to detect a 10% 
increase in risk rate, a treatment group and a control group 
with nearly 4000 infants in each would have been needed. 
As each group in our study consisted of about 175 in- 
fants, any true differences would have to be nearly 50% 
to obtain an 80% power of detecting the differences. This 
is acceptable as the tnain purpose of the investigation was 
to detect a largely increased risk similar to that reported 
by Odent et al" for a WC vaccine. A similar vaccine was 
included in the present study. 

The study reported by Odent el al" was retrospec- 
tive and not randomized. Considering the relatively small 
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size of the study groups and that there were only 30 uises 
of asdima, it is not surprising that they were not able to 
conduct a comprehensive analysis of possible bias, hi con- 
trast, OUT Study was prospective and the problems of bias 
were addressed through randomization. The results in- 
dicate that it is unlikely dwt VJC pertussis vaccination 
increases the risk of atopic disease to up to 2^/2 years by 
more than 4% (slngle-slded upper 70% confidence linuO- 
It may be argued diat die observation period was too short 
to detect allergic respiratory disease. There is reason to 
believe, however, that a majority of the children who will 
develop asthma or rhinitis during die next few years were 
already identified as atopic during the observation pe- 
riod since they were often already sensitized and/or have 
had atopic dermatitis during infoncy." U seems pres- 
endy reasonable to conclude that WC pertussis vaccina- 
tion is not associated vnth a major increase in the risk of 
atopic disease. , r i_ n ^ 

Because observed results were similar for the 2 acel- 
lular vaccines, the groups were merged in die final analy- 
sis. The estimated risks of atopy following aceUular per- 
tussis vaccination were about 10% larger dian die estimated 
control group risk levels. Our results indicate a possible 
small increase in the risk of atopic disease after aceUular 
pertussis vaccines. The upper 95% confidence limit for an 
increased risk was considerable, however. In the large Swed- 
ish pcrmssis vaccine trial,^'* the parents answered ques- 
tions concemingsympioms of Itching and wheezing in 9617 
chUdreh. Similar frequencies of the symptoms were re- 
ported from aU die 4 vaccine groups. With die aceUular vac- 
cines, die upper 95% confidence limit was 5.7% above die 
level in die control group for wheezing and 13.5% for itch- 
ing. These results suggest diat any negative effects of acel- 
lular vaccines arc not much larger than 10%. Whooping 
cough is a dcbiUtating disease and, in infancy, there may 
be serious complications. The reasonable conclusion seems 
to be that aceUular vaccines would at most be associated 
with a smaU to moderate increase in atopy. 

We also observed an association between pertussis 
and asthma. This could, for instance, be due to a causal 
relationship in that pertussis might increase the nsk of 
later becoming asthmatic, eg, by inducing p-receptor 
blockade,^ It might also be due to transient bronchial 
hyperreactivity after whooping cough.^ 

At present, we recommend pertussis vaccination dur- 
ing early infancy, independent of any family history of 
atopic disease. 
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Brief Reports 


Is Infant Immunization a Risk Factor for Childhood 

Asthma or Allergy? 

Trudi Kemp,^ Ndl Pcarce/ Penny pit^hanis,^ }%dian. Crctnc,^ Dflwd Fergussan} 
laa St. George,^ Kristin Wickens/ and Riduxrd Beasky^ 


The Chfbcduirch Heahh and Developfneni Study cacapnies 
1^5 chikken bom in 1977. Hie Z3 chitdien ti4io received no 
d^ihdienst^Kftussis/recanus (OFT) and polio iiiuniini2aaon& 
hod w) icccnjcd sschnis episodes orconsitic3iCH3ns Ibr sisduita oi 
other aUcTj^c ilkiett hcfKifc Age 10 ycar^; m chc immunced 
cKiUxeo, 23 J % aidima episodes 22.5% a^tlmiii consul n~ 

Kcywordai ■stkma, mlicr^, iimininizatkyn^r cKildren- 


tions, 9nd 30X3% consultattons kx other alleisk: Ulneai. Sim- 
iW diffeienccs were observed at ages 5 and 16 yeacs. These 
fmdii^ do not appc^ to be due to differential use of healdi 
services (although this pcxsibsUty caiimit he excluded) or con* 
founding by ethnicity, sodoeconomic scacus, parenn) atopy, or 
parental smoking. (Epidemiology 1997:6:678.- 680) 


The prevalence of asthroa aiid allcxgic disease has in- 
creased in many countries,^ ^ and there has been a gnrat 
deal of speculatioa as ro possible causes,^ " uK:ltidtng the 
possihle role of immutiization In ptonTioring aUefgtc sen- 
sirizaticm.^' For exntnple, pertussis vaccination acts a$ an 
adjuvant for ancigen-spccific responses in laboratory an^ 
imab" ": a specific tmmunoglobwlin E (IgE) response to 
pertussis toxin icelf has been identified in children 
receiving pertussis iaununiiaiion^*; and vaccination with 
some other organisms enhances histamlrke release in 
laboraijory animals. '^''^ In addition, two snjdies have 
found that peitus&is infection iiKscascd the risk of aro' 
py,"-™ ar«J another study f<xit>d diat aluminum-adsorbed 
vaccines produce greater IgE respot^ses-^^ It is therefore 
theoFectcally possible that immunizarion m;iy conrribute 
to the development of altergk disease^ whether through 
icducing clinical infections in infancy,'- or through the 


Fkam dx 'WettinsOin Asthda RtS«acch Group. CVpartrnrtu of Mnhcine. mJ 
K^epanaml td ihe Dtan. WcUmikIuo School of MeJicinc. Wetlirvtija. 
ZK^kmii aid ^GhmiekiMch Httlth and EXmrUipneiit StuJr. CStvktchutch 
S^mmJ of Mcdicme, QvittdwrcK New Zeal^ 

AdfccK coactpondenoe toe Neil fVaccc, WcUincron Asthma Reicarcb Cicmip. 

WcfiinscoA Sdhod Medicine. PO. Box 7M3, Wci^^ 

bnl 

Thb pcofca w snpponcd by (fat Cutnfian Tcuk (Ttusrc c( ihe Divtd ioJ 
Cw Andmon Moiical ChanoUc Tcm). 

Gmi^ is fuKkd by a fto^^uoxat Gtmc, and Neil Pcmcc mA Juttan CekniE -jx 
Aittfad br !Vo<essoriil Rueuch Mow^^ 

o^Nc* ZeaMl FumM »uppoct for the Chrtechafch IkM «mI Dcvvlop- 
inenc Siwlr ^ Inn ivondcd the HcvKh tIcscKnIi Ok^ 
<h« OntvhiiY MmKcoI Rmic}i Fnud^ion, pod iIm Nnionftl CKiUren'f 
Holth Reucnch Rwmititiun. 

SnbrnkTol hWmher H. 1996; final vendon ;iccepv«l M^f ^ 1^7- 
O 1997 by ^mledkA^ RbduiCb htC 


direct IgE-indudng ejects of the vaccines thcinscives 
aiK|/nr the potentiatir^ adjuvants. We have therefore 
examined data from a New Zealand cohort study to 
invesrtgate the relation between infant immunization 
and subsequent altecgic disease- 


Methods 

The ChristchurcK Child Development Unit comprises 
1,265 children bom in 1977." Informarion on immuni- 
zations, asthma, and other allergic disease (collected 
annually until age 16 years) was obtained from (1) a 
medical diary supplied Co all motheis^ (2) direct ques- 
tioning of the mother about medical contacts, and (3) 
cross'checking with the ^tnily doctor when maiemal 
reports or diary records were vague or inconsistent- In- 
failts were scheduled to receive diphtheri^pertussis/tet- 
anus (EXT) aivi polio immunizadons at ages 3 and 5 
months and measles immunization at 12-15 months; we 
did not cotxstder subsequent immunuaiions, since our 
hypothesis focused on infant imttiunizaitons. Data on 
asthma, eczemai and other allergies (itMiludir^g rhinitis, 
food allergy, aitd urticaria* but excludii^ drug allergies) 
were categorized as to whether children had consulta- 
tions (reported medical contacts) or episodes {consulca- 
dtxis plus repeated episodes not medicaily seen) up to 
ages 5, 10, aiui 16 years. A child was assigned to a 
tiegative category only if there were complete rvegative 
datn for that child; a positive category was allocated if 
any episodes or consultations Cook place, whether Or not 
the data were cocnplete^ 

We aitalyzed the data using the Mantel-Hacnszcl sum- 
mary risk rario^**^ and Fi^r exaa methods vdiere ap- 
propriate. 
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TABLE U Chwactcrjstks of Ac Immtiniwirf and NoftimmunSzerf Groups 


(N = um) 


NoftiiRfamizDd 


TocJ 
= 1.207*) 



Nttmfacf 

% 

Number 

% 

Number 

% 

Gcndff 





599 

49^ 


587 

49^ 

12 

52J 

Male 

597 

50.4 

It 

47^ 

G08 

5a4 

Etlmkicy 


13-9 


39.1 

173 

14.3 


IM 

9 

EtftopeW<xhcr 


66.1 

14 

60.1 

1.034 

B5.7 

Soeioeeononiic louust 






20J& 

Cbsfics 1 mmJ2 


20.9 

J 

13-0 

251 


£34 

53.6 

6 

26.1 

640 

53jO 

Ch^Aes 5 snd 6 

302 

25-5 

14 

60.9 

316 

26.2 

P9«enc»] hismcy of 




21.7 

219 

18.1 

Aahma 

214 

111 

5 

Eczema 

253 

21.4 

6 

26Lt 

259 

21.5 

Alkisic diinitis 

356 

30.1 


21-7 

361 

29.9 

Parcnni smoking 0-5 

650 

56.2 

19 

82^ 

669 

56-7 

P«l ocvnei^dup 0-S 

9Z3 

79-a 

21 

91.3 

944 

80.4 
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Results 

Only 23 (1-8%) children in the cohort were rcc^Kded as 
having i«oeived acuher of cHe two scheduled DFT and 
polio vaccinations due at 3 and 5 months. They wer- 
cinoi^ likely to be in a low socioeconomic £;roiip, 
Polynesian, ot exposed to parental smoking, but there 
was little difference with respect co gender, pet owner- 
ship, or patecuat histcMies of asthma, eczema, or allergic 
rhinitis (Table 1). 

Table 2 shows the risk ratios (RRs) (with Fisher exact 
confulencc intcrvab) for various otitcoroes. The 23 non- 
immuAtzed children had no episode Or coosulcattOA for 
asthma ot consulcatcon for other allcigies before a^ 10 


TABLE 2. 
Groups* 


Asdima and AUei$;ies in the ImmunKcd and Nan immunized 


Immiitttscd NcHiimiiuBiixd 


Ages 0-5 v««3 
Aschm qrisodct 
Asduna csOnsulo 
AUei^ CDtUulo 
Eaeim ccmiultiy 

Afies O-IO yean 
Ashcna cptfodcs 
Asdimi consults 
AUcrgy coEisults 
ulls 


Ages 0-16 ycmn 
Asduni episodes 
Asdino consults 
Allergy comuhs 
I consults 



No 

Ye» 

No 

Risk RMio 

95% a 

133 

936 

0 

20 

ao 

0.7-= 

134 

935 

0 

20 


0.7-e= 

165 

899 

0 

16 


0.7-«> 

283 

796 

4 

16 

1.3 

0.5-4.9 

234 

777 

0 

17 



227 

782 

0 

17 

90 

1.03-* 

302 

704 

0 

13 


l.05-« 

334 

686 

5 

13 

12 

05-3-7 

315 

625 

2 

IS 

2.9 

a8-23.6 

297 

641 

2 

15 

2.7 

0-7-22.3 

404 

530 

1 

L2 

5.6 

1.0-222.6 

398 

552 

7 

12 

1.3 

0.5-2.8 
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years; between ages ii and 16 yeais, 
some events were recorded, but the 
lists were still relatively low. There 
was littk association between itnmu' 
nization and eczema (Table 2), or for 
coosulcattons for gastrointestinal 
symptoms before age 2 years (RR = 
I J; 95% c<Hif«lencc interval (Q) = 
0L6-3.3K netted gasdroinCestinal 
symptoms before age 2 years (RR = 
l^ 95% a = 0.6-1^). or reported 
measles, rubella, chidcen pox, or 
mumps (not shown in table). 

We were not able co adiust for all 
potential confoundeis simultaneously 
because of the small numbers in- 
volved, with some analyses involving 
no cases tn the nonimmunized group. 
Nevertheless, we did attetnpc to assess 
cor\fbunding by: (I) assessing whether 
potential confoundeis were related to 
the outcome in the overall datasct, 
and (2) for the outcomes with some 
cases in the fKKiimmunized group, ad* 
justing for each confounder in mm. 
Ethnicity, low socioecooomic status, parental smoldrig, 
and pet ownership (Table 1) had no association, or a 
positive association, with die outscomc measures [for 
example, at age 10 years, Polynesian cthnicicy was not 
associated with asthma episodes (RR = l-O), asthma 
consultations (RR = l-O). or allergy consultations 
(KR ^ 1.0); the cortespondiog relative risks were 1.3, 
1.4, and 0-9 for socioeconomic groups 5 arxJ 6; l-l, l-l» 
and LO for parental smoking; and 0.8, 0-9, and 10 for 
pet ownet^ip], Tbcic was also Uttle evidence of con- 
founding in the adjusted analyses. For example^ to age 16 
years, the relative risk for asthma qpisodes was 2.9 (Table 
2); this value became 2.8 when adjusted lor ethnicity, 
3.0 when adjusted for socioeconomic status, 3-0 when 
adjusted for parental smoking, and 2^ 
when adjusted for pet ownership. The 
corresporuiing Figures were 2.7. 2,7, 
2,9, 2-8, ard 2.6 for asthma consutta- 
rions; and 5-6, 5-7. 5-7, 5.7. and 5.6 for 
allergy consultations. Thus, there is 
little evidence that the findings in Ta- 
ble 2 are due to confounding by the 
fjcrors shown in Table 1. 

We also examined assocLaaoos be- 
tweer^ infont measles, mtimps, ru' 
bella, or chicken pox infections, or 
measles vacciruition, and the out- 
come measures described above, but 
we found no strong association. For 
example, for asthma episodes up lo 
the age of 10 years, the relative risk 
was 1-2 (95% CI = 1.0-1.4) for re^ 
ported measles infection and 1.0 
(95% CI = 0-9-1 .1 ) for measles vac * 
cii\ation. 
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DisctESsion 

The findings presented here aie consistent with die 
hypodusis that some oomponent of in£tnc itntnunizattoii 
may increase the rislc of devek>pix>g asthcnat in childhood. 
An impoztant Limitation of our data ts die small noava'' 
ccinated group. The vaccinated differed fiom the ncxi- 
vaccinat^ with respect to sevcfal ^ocs, including 
pazental snioking,*^ PotynesiatK crfwxkucy,^* and lower 
sociocGoiunaic status," but these factois have been 
found in previous New Zealand studies, and in the 
cutient study, either to be posirively fdated or to have 
no association with asduna symptoms or diagnosed 
asthma. 

All the outcome vaciables used in this analysis have a 
hcakh seivicc component, and it is possible that health 
service acces or utilization, or reCQgoidon of syn^toms, 
wss different for the nonvaccinated chtldreo- Thcce was 
littk difierttice, however, between the vaccinated and 
nonvaccinated groups with respect to consultations for 
eczema or Qastrotncesitfial symptoms, or fei reported 
measles, rubella, chicken pox. or mumps. Nevertheless^ 
we cannot exclude the possibility that the findings are 
due to differences In health service access or use. 

Three previous studies have examined immunization, 
and findings an: tiKzreistmL Buder and Golding^ 
found no aggxiation between peitusas immunizanoa and 
wheeze at age 5 years, but a lower ri^ of eczetna. Odent et 
found diat pertussis vaccination Increased the ri^ of 
dis^nosed asthma. Ntbsoo and Stoisaecei^ cotuixitEd a 
lar^omized trial of two types of acellular pcitussis vaccine, 
whole cell pertussis vaccine and no pertussis vaccine; &iey 
fourvd tkO difKscnces in a telcphane survey of wheeze, 
itcfair^ and sneering at age 2 yeais. These fmdings are, to 
some exrent, tcasstBin^ with rc^^td to percusses inmuiniza' 
rion, but not necessarily about all imminizations, siiux all 
childten In our study also received diphtheria aid recanus 
immunizaxiCKts^ We have ako had the oppoitimity to re- 
analyze the DUnedin Miitidisc^inaiy H^lth and Devd- 
opment Sndy,^' invohHng 1,037 cKildpeh fern in 1972- 
1973, hut only five children were reoowJcd 9S having no 
varrirwrinn b^e the age of 3 ycats- 
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